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1. ymo cy the invention 

^bmm^mf^^ of tuMlllsIn tns^yim. MMkms ^p^atflc nudtlo adds of th^ subOllsl n gm^ imM ^ ^^nt^ 
s mM^iM^UMtmrnd mmmfumiiy, ^Jteraddnzyind function. Sofmrof tN^rmtantam^^^ 

^fQ{Miill9& flcfvuntsg^ous to tnduiBtitaJ 3ppilcsifttlon&, psoFtlciilarly In Iho dofsir^^nt ludusiiy, (Sf^oivic^ng st^tSsin 
liri^ {smore 8tal3letD03MaMon« )x»sessB8 ^vatsrixotaase acttvttyi and axbfbits ftrpisv^iARa^^ 

2> BACK<^^ND or "nHE If^MBNTION 

2>1. ftAaLLUa PRQTEASIgS 

EflzyiTHis d«»vfRg tha amida llRka@€» In protalR sub&tnilis am dassffM as prolfiffiEtSS^ or (fntcr- 
cttaf^ably) peptkfiises (Sea W^lsh, 1979, Enzymatfc Reastlori Mechanisms. WpH, F!«df!ig^ snd Coifv 
{K^, Sm Fmn^MO, Dhap^ 3). Bacteria of tha BadHua tpadaa saoita ^ axiraciaMr «|)«^^ pno- 
w laasfit a nautml, me^lopriEili^isa, and an allciilne prcilaaaa v^teh laf unctlonally a m^iop^^^Memf 
m^m^ ^ m mmmt\. saoratlon of masa pro^asaa tm baan Hitkad to tha ba<iia?M $^^^3^ ^^^^ Wk 
^rasia^ axpraaslor^ pmlaaaa during tha atatlanary ph&m, whan aporula£k»n alao oocum. Jafifi» al ai 
iiWS^ J, BacMa} 141:1190-1208} has ai^aatad that Badilus praleasas function Irt ca^l mi tot»»w. 

m A aadna ptfalaaaa la an anzyma which <^l:af yzaa tha hydm^ais df papifda bdnd% ftt wfiklt fitaia b ^ 

aiassDilal aarlna rasldue at tha adth^a sita (V^hlts, Handlar, and Smith* 197S "Frindplaa 0f ^Qcfm(M.ff* 
Bflk EMIon» McOraar4in Book Company* M% PP. 271-2739. 

Tha aadna pmlaaaaft hava malaetdar nve^hta ttt 25,000 la W^fiM ran^. ThaEy mm Mmn^ ^ 
i^ac^pyiriuorophoaphaiB, but [n ofintvaat to tnatalfaprotaasaa, ara rsfiiatant io atiiytaiiac^anStt^^ 

^ acsi^ aekj (EDTj^ (although thay aia alBbiiizad at high lampafatuiaa by caldum ion). 7)taf i^y^Mym 

ipla iMRrtinal aatara and ara aInfiBar In actMiy ie> aukaryoclc cihymoAry]3aln» aiaa a aar^ prc^na^ Tim ^ 
m^i^iStmmm,^M\mpimm^ Nigh pH optliiiuin af tha aaifna piQlai£5«s, 1^ 

11.0pr rajvfaw. saa Priest, 1977. Bactsriofogloal Rev. 4t:711-763). 

Aaublillain la a aerfna pmlaaaa producad by Qi»m*pciaUva bactarta or f ungL A wida vailaly of aiiM- 

90 Ssftw tiova baan IdantHlad, and tha amino add aacfuanoaa of at laast atght atititflts^ fiawa t^aan dalo^ 
aEdnKKtThaaa Induda six $«btllte>na from BaoHlya atralna> namaiy, subtRlsIn 168,aub{8^8IW,st^iSs6^ 
€>&ikhm§f stibtillain OY, aubtlllain am^caaaaharltloi^y and rTteaantBrki^ptldeaa (Kurttara at ai» 1^72^ 
J. Cham. 247:5629^31: Stahl and Farmrip 1 334, J. Bactadol. 1§8: 411-41 Q; "^^mmlM at 1SS4t 
J. Bac^edol. 1^:811-^019. Jacobs at aL« im Nud. Adds Raa. 1^:8913-8926; Nadtov im ^ 

^ Cffaiitx Hoppa^Saylar 3664ai-43(^ Svaitdaan atal.« 1986» FEBS UM imsm-tSZj, aftd twiaft«^«Ei^ 
ISIslfiSy su btlllsin tharmliasa fmm Thermosctlny m yees vul garis (MekMjn el al.» 1 985^ FEBS. Latl 183:1^ 
^d pFOtalnaaa Kftiotn THtimdifuiifi album { Jany and Mayar. ISSS. Bloi. Cham. Hoppa-Si^flar^:S84' 

Siibtflifilns mm m^'^mmMtm^ phyaEOiily and ehamically. In addftior! lo knowfai^ ^srffnary 
^ sto:^yra (amino add aaquanod} of thaaa ans^nn^. over 80 Nigh rasolijlion stfucto^ of stiliislfi 
t)«tva l?aafi datennlnad whidi dallnaat» tha binding of auMralB, tmnsHlon atata, pmliKt9« ^Mfern^ 
pectmm fnhfb^iora, and daf ina tha atrud;uial conaaquancas ftor aatural insdation (Kfaiit, Ana 
awK^fam* w.««39i"i3oa|* nanciom ano aw*Qiraoiao inuiaiions of Mia auaaiisia gsiia Jmm mm ms^mm fvom 
lnowiadga of the phyalcal and diamlcal properties of the enzyme and GontHbutad fr^cxvm^cHi i^el^lr)@ ^ 
4a stjMls^vi^a osta^iik: ad:Mty, aubafanala spadf idty« isartlary atruc^uiaf atCL (Walla at at, 1 PmG^* fkM. 
AoacL m U.SA 84; 121»<1223; WMa ataL, 1968, PWL Itena. ft Boo. Lond. A »17:41fr42a^ Hwaii$ 
and 1987, Blochem. 28:2689^2673: f^a at at,, 1987 Natima 828: 851 ^■IS841» 

INDUSTRIAL APPLICATIONS OF SUETILISINS 

Subtllislns han^a^nd mudi utility In industry, particsulariy de^argantlbmujiat 

^ iEffg ro fKwlngprctelnaceoMaatetna>Tobefilfec^^ 

tsodar washlitg oondftloaa^ btit must aiso ba domp^d3!te wl&\ o^iar dateiQanA oompoi^Ktla tiufufig stafiEgBt. 
^mmp^B, sublsllain may ba usad In oomblnation wttti nymytasaa* whidi ara mAvm i$^mk^^^&^m;m^ 
kiksBm wh ksh wf li digaat cailtiloaic matarlals; ll|xaaast which aiB acttva against liats; paf^kte^aa^ vMsk am 
adSN^aon papUdaat and uraaaaar wMdi aia irflidSva aigainit urina sMaa, NdE ody aiiNi^ 1^ It^^^^^ii^ 

^ protat^otharanzynfiaafromdlgaatf^^ by$ubtiliatn» but subtilsslnmustbastabiawith rs^^^llBac^^ 

pcmrn^ caf clum binding propartlaa, datargancy and high pH nonensyimtic datargiHil txm^ms^^. Itm 
at^^ «tf Uia aazyma to ramain statslft in 
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% mmmw of twe invention 

{»«6»nt Iflvmttofi rriate to mutations oftiw suMHtsbi gem, mm of vMdi rmM in ^(^mgm ^ "Sm 
^tmvMi ^mwo^^ilm of subtlHsin tn3;yfne> Mutations urn m^94 at spsolfto nudtio 
s sfim, 'm vstriDua spdnlf Ic smbiKiifndnt&i, tie mutant anz^maa posseeifi attarad chiamloal pio^i^ififi Ifidiid- 
ttut n^Htnftad tD« Incraased stability taoxldatton» aMP^cinted protooiy^lc ability, and lri^pmrad!Hasli^ 
Tli« pi^snt Invention also reiatesy but Is not llmltad to tho onlno add and DNA mqimmm M ti^ pm^ 
laira«i ^$fif«dfrom BacBtoa tentue variants, sublDtoln 147 and siubtlHsIn 309, mw^ m mMltom^i^mm 
g^mm dnd tfm metmpondlriQ mutant emynm. 
n m^-^MM mumm tm errietentiy pmdtioe fitutMt ^^ibiffitebt mrn^tim nvhieri can i8^oi«<i toc ii^ a 
it^ffimKiacH inauiifiBi appuc^iCNna paraoiiidriy «i tna finaas or daiefgonc and fuoa tacnncw)^* tiw |Nmam»3k 
¥«ntloit ra^lft&y In part, but is ndL Wmttmd to, mutants €f tha asubtlllsln 3^ gane iNtildi oxhM liifHR»wd sli^lfy 
t&<^^}txi« augmentad pmlaasa actlvltyi and/or Improved washabillly* 




AlasAlanlnn 


v« 

vyi»Wlna 


L« 

Lau^Laudfia 


t« 

S^niadaudna 


p« 

Pm 3s Pnsllne 



i^0 - PhanySalanlna 


w» 

Ti|i»TryptC|»lian 



ii^»Mathionlna 


©a 

@iy» Olydna 


Ss 



T « 

11r»1Yn«onlna 


C» 

C^»Oy^na 


Y» 

1^»Tryaaina 

m 




Q» 

^fi»(3liitamlna 


D » 

Asp » Aspart lo Add 


E» 

Gluss Glutamic Add 


K« 

t^^Lyslna 



^-AfgldfMi 


H« 

Hls^htisfldina 


4. Jpmcmmm of the rgui^ 

^ Bguia 1 1IMrataa the Insaftlon of a sut^ or f lagmants. ranging fmm Ukb lo 6.5kb M i&n^i^ ^m^s^ 
by part^ digaatbn of BedHua lentus strain 309 DNA with Sau 3A iBstHcf bn ondontidaaea, ^ HI 
^laaniKd {3^0, Hie two raeuiting plasmlda. pSxae and pSxSB. contaM^ tba aubtllialn ^ gsm m t^pGsM 
<iffai]Mto)$v ara dao shown*. 

l%{jiB 2llluatratas Iha Inaertlon of Etedflua lentus stnaln 147 DNAfragmenta Into ptonld pS)C5S. PigoHal 

4$ oCatniin 147 DNA was pertormod uaing Bau 3A matrictiDn andonudaasa. Fragmnaiita i^kiqIi^ «^ 

fioea 1,S lo6,S kb warn than ItoaMI imo Sam H daavad olaaniid ofiXfiflL Tha DRxtuot oSXSnIw ai»ttai^ 
auist^s&i 147 gana. 

Bgtua 3 llluatral»a gappad duplax mutagenasSa, uaing the m^hod of Modrtaga at al,, (I^SM^ l^oli^t^iiidd^ 
2: It featuraa two plasmlda, pBHBZ and pSX1 10, both dadvad from puCIS, pSX^ oor^ln^^XIa^ 

^ i^R^ faKimant of tha aubtlllsln 309 gene* and pSKIId ODntalna tha remainder of tha si^ila^ SQ§s^^ ^ 
m BmM^}(tul ffBgmBnl In (A), plasmkl pSXS3 Is daa¥ad with XbM and Oal, a^d the gappadf lEHSlaei^ am 

pBM$ mi vMh Seal danatunad, and allowi^ to mnnaal so m to ganarala das»¥ild& m 
itf ates^ft^-i^ndad DNA axtandlng within the aubttiyn ^ coding aaquanoau A «ynthattc tA^^omxkxi^^f Imn?- 
tilogoifa to toa aulitillii^ 308 gaaa twt oonteMng a mulatloni» ia aHoaHid to anaaaf to ttta i^ag^ stf^i^i^t^MI 

isi wiMi 1$ than f Iliad in u&ing tha Klanow f mgmant of DNA pdymarasa I and T4 DNA ligaaa> Upon {ispt^^^^^ <^ 
tl^a |9la&£^, doubld*«tmnded miitanta of tha aubtlllain MQ gana are ganaratod. Tha mmi prnx^i^^ ia p^ 
tomiad lo <B)p using ptasmkl pSX1 Id and BcdRi and Xbal anxymaa, to oreite mutofioim In ^ oaiiaispHMii^ 
mgim <^ttia aubtiiiain 308 gana. 
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4 Hfyi^tr^ plasmk! pSXBS, which Is a derfvmtSva of plasnild p@X^, bearing Iht ^d^^ft^ 309s^it« 
yt^ad f mgmdntft (la, Xbgl - Xbai^ilndiil. or Ego Rfr^Xban, from mutation fitmmki {)^^ m 
^3X119 ($69 Rgim 3} uftbigths ajvropitato resMctkm «ndomjdaa«as^iwm Insetted tnto^aonici pSS^fer 
#j^pr^9$^ In a. subtl8$ strain ON 497, 
$ {^gyiB § lltustrmtos plmmM |iSX143, whioh ooatairts trurK^tad forms of both aubtlMn 3Qd md mMm^ 
147 {iMtAfiL In vivD iBcoftYbin^cin botwaan honuiriiMiQiis raafonsiyf ihafwDctfinaB can ibsi^ fn ^acilvd oixslGi^fis. 

S. t?gg^t£D peSCWPTIC^I OF THE INVENTION 

^^^^ ^^ i ^j^ ^^^^i^^^^^^^ flt^ri^^ifl ft ljfi ^^ y^s^yrrt^^* hhj^^ttil^v^Mk Jift 9^^)£(l^^c# -(^(ASS^df^s dc^i^lft^ ^t^^s^^ '^^^ftvi^ifididd^ ^^^^^^^^ ^^^i^fty ^^^ i^y^i^^; 
«td3tite}» €dn bm deslgndd so ss &o moat thd rmds of Industrial applleatkHi. 

tfift Mention Is bas^i In part, upon the discovery that muMbns of spadf Ic Fiuoleic adt^ 1^ ttia at^l^i 
gam cat) ^auit In cms^rrfaa with attanid propaitlaa. in various ambodlmanta, an^^a^ ltrq»<Md ala^^ 
csdclailon, augmantel prolaasa activlly, or I mpnsved wash Ing abHIty ca n ba genaratad. 
wm mpo$m of danty in dasorlption^ and not by w«sy of ifmitatlosi, tha irtyaniion wilt ba da^iSiad m m» 
pefftm <a) ^a chamlca! atruotura of known aubtiilalna and aubtillsln 147 and 30d; (b) m^toda fist pirodtic^ 
im^Sef^em In the aubtlitein gana ; (c) expraasfon of iniitanta of aubtttisln and (d) sonaaning ^ayblSlslR mi^i^ita 
fiDi'da^M)taoliafftlaal pfopartlaa,* 

m CLl q^EMlCAL STFUiCTURES OF KNOWN SUBtlUSiNS AND SUBTILiSIN 147 mQ 

Saquanca anaiyaSa of aubtll^in from vartoui souivm mn rwaaj tta f unctbrtai a^ilfteanoa of tiia jpii*' 
nmy mnlm acid aaquence, and can dlrad the craation of naw mutants wtfh daiibanata^ mocSf{ad^m>- 
lloiia.Compadng tha amino add aa^uanoa cf diffemnt ftinaittof aubtlilaln/w 

or dtamfoai propaitias, may mraal apadflo tsfgot ragioria which sm ilkaly tio produoa usaM ntuiaft aiV' 

7fm amino aokl aaquancaa of ai \meA aighi aubiiUaina ara known. Thaaa Induda ak ai^^sliMia ffom 
Bmmm alralns, nama(y, auUHtabi 188, aaUIHabi «PW, ayb^krtn Cai1id)«g, aubUHa^ DV; »i^ffi»6t 
{oaaodiarftioiia and maaarfticopaptldasa (l^rlhara at al.» 1072, J. Btoi. Cham* 247:^i4^Sg31; and 
l^^sifari, 1d84, J, Bactarlol. 158:41 1>41d; \toantha at aL, 1dd4« J. Bat^tarloi. 1S9:d11^% ^ aL, 

m 1S»i|,Niid.iUMKRaa,13^ 

aai; alal., 1 986, FEBS Latt 1 86:22&"232), and twof ungal aubtUlains, aubtiiisin tharmiiaaafl^Tiiaiinoaf^ 
|{np¥^^s vuigsiHs (Meilaun et iMBf FIBS Lett 1SS:1§S->200), and prolelnaaa K ffom Tfftedton ^ 
feign gROber {Jemy and Mayar^ 1935^ Bid. OhaiTt. Hoppe-Seyler 3a6:4ISS*4a2). 

in connection wKh thia Invanilon tha amkio acid and DNA aaquancaa Itor two f urtbar aaflaa jaiolaaaaa 

ss mm lawffldad. Thaaa piateaaaa wara darivad from two Bac!li»s iantua varlanta, 14? mrii WS^ imm 
bmm daf^osHBd wth NCIB said daslgnatad tha acc^saion No£» NOB 10147 and NCiB ifH^B^ ms^^s^t^m^. 
For oottyanlanca tha pnat^iaaa pioduoad tnasa straina ara daalgnatad aubiiiiain 14? aid ai^&sdn 30S« 
iaapaGllwsly» aiid llwgaFNmmoodlna titeaa pn^alna am nerfisrrad ioaa liiaaufatillain 147 and d^fysftaat. 
M uaad in th^ Invantbn tfm tarm "aultJtHiain malarial" raferB lo a pmleinacaouB matari^ wftfCticonlasna 

4» aisMialn as Its aofl¥a Ingiadiant. Aa used herain> and under tha deH'Inition of BubSllsIn me^&M^m^^&t^ 
proteasa is a aubUiialn whidi hm at least 30%, pns^rably 5U%t and mora pruferabiy 30% mikm add ae- 
^gtmm homolosy with tba aaquancaa rar^noad abcm ftraubliiiani 147« subtiliain 1^ 
aid^l^ BPN*r aiiblMisin Catlabaigf aubdliain DY* autrtfltain amyioaaocliartticva« mae^rrtiaQipsaptMa$a« 
HiasTiil^e, pr^inasa Kand thermornyodaaa ThoaaaarineprafeaaaaaamalaodsacrftffidhQca^ 

4a oiogoits aedite pfotoaaaa** 

Hi^ia I oomoaMia iha daduoadaaiiiioadd aaouanoaa of aubfiUdnaoa. aubtillaia 147. aul^i^ d^W. 
aul^^yii Car labarg and suiitllkin 10B (Spiilifin, at al., 1 35a, Pmci. NatL Acad. Sd. 44.'10^1£^7i^ 
"Msfe II pnsfsants ttie nudalc add aequence of tha aubit lliin 300 gene, and Ikble III pem&n^ mskikx 
add eeqiuanoa of the subtiiiain 147 gone. The sequanoea of aubliHaIn 309 or 147, or <tfairfi^»3^oi^ acpi^ 

ai a{^)^ can bm uaad in aooordance with the invsn lion. For sxampla^ tha aaquancaa of ai^la^ 3d§ or 14? 
da()i(^Bd in Tablaa 1, a or III can tiRS allared by auballtiifonSy add^iona or dalaliona Ihs^ piosvldia Ibrfii^s*' 
IId^£SI% aquMant mdedulm For «u^mpta, due io the daganaracy ^ nudaotkla codi^ ;s^i|y«Rma» ^^m 
CttiiAaaquenoaa which encode aufaatantlafly tha mmm amino add aaquence aa depict Tabla i may fm 
ittsed kt tfie pradica of tba praaant tmiantion* Tfteaa Induda but mpb nd Hmlfad to nudiHcitlla aaiiuiitidaa 

aa oom^ngailor portions of the suMlfsin 309 or 147 aequancesdepiCtad in Tablaa II ortliwl^a^jild^ 
1^ tim aubetltutbn of dlf^rant codona that arioDde tha aama or a f unt^bnaily equlv^^t w^k^mM msi- 
i^kim ^hin the aequanca, thua piodudng a silent diange. For example, one or nKHra msikK^mM m^^im 
wii^ tK» aaquence can be aubailtuted bjf amAher amino add of a similar polarily wlisdi adia aa m turn- 


4 
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ikmi i^titvaltnt SubstKutss feran mAm mU wtthln ti9 ^y«nc« may selected tran o^iis^flnl:^ 
^Ihiiddausiiowhk^tha amino add b6ionsfi.f^axsfnfijd, thoiUM"^^ 

^aR^tee, toui^ toototidfia, vertlne, prothia, pheHriytatanlffa, tiwiaphait «nd imthkmte^. Tim poiar fvsti^ 
aDiTO itdds tnaiyda glycine, ^n#, thr^onina, eysMnt, tyrosine, asparssine, and sfiA£»¥^fi#. Tl«ir 

$ liv^y diai^ad (bmlc) mtnm mm indudd avtsinina, lyalna, and h^tkilna. Ttia nagatlvaty c^iavgad ^£^> 
i»nlfto adds Includs aspaitfc and glutamic acid, 

Ciosenaaa of relation can ba maaaured by comparison of antlnc^acld aaqiiam»$* Urns «sa aim^ 
i^fl^a or aligning protein aaquancaa, but tha d lffarancaaara only rnani^f whan Iha dagfi^ of ««l^»d^ 
n^ss {squKa smalL Tha methods dascribad In Atlsa of Prolaln Saquancs and Structural {^^bsigstil D« Oaylv 

n <)rf atStoTi vol S, suppiamant % 197a» Nallonai Slomadteai Raaaardh Fouiidation» Ge&se^&m iMmm^ 
IhiacScsd CairHafi VIA^ahinglaAj DtCLf p* 3 ffi^ animiadl SSAROH and ALi^H^ daflna iaSaiai^bMaa< Aa ia w^M 
tmmm In that arl; lal aM pralalnB mn dlfter In number of amino add& m wail as idantl^ isf aacfi mt^im 
mM ^km§ the chain. That is, fhara can laa dalatiana or inaartlona whan two atructuraa am M^g^^farmmr 
Itamfit) Idantlty. For axampia, auHUMn Carlabarg haa only 274 airlno acldatiiMNi auWSisIn 8IW 1^ 27^ 

w atx^^naadds. Aligning tha twosaquanoaailiows that Carlsbarg has norBsidude^rfasfHSfK^ te»A»^of 
aijl^iMn BPH\ Thus ma amino acid aaqi^an^a of Oarisbarg would appaar vary dlffara^tf mm wmm 
a^ la lacordad at kKtatkm 56, Themfm, one can pmM. with a h^h dagraa of cortfldanc^lliat aiib3ll<> 
Bar finr Aan at iocatlon 21 8 of subHiiain Carlabarg will Inoaoaa tharmal a^bllfty pt^spM&dt ffi^^ Uta 
lasltltiaa bi Carlsfoaiig aiB fiuinbaiadl by homolo^ to BPN** 

m According to tha Invantloii, tha aaquanQ^ datarmlnad ftir aub£liyn6 309 and 14? am ba coi^f]|)^ttd 

vfifi aaquanoaa of known aubtllisina (aae Hsibla 1} or naiwly diacovarad aubtillalna In o^m te> daduca aHea 

lAMifiadii 

E^tpartmante to dafiamtlna tfia vaiatloRahip betwaan tha prtmary afiruceuiB of aubf aitdi ia p$90M 

^ pfopmf^ hava rav^lad tha signlf loan^ of lha mathbnina^^za r^ldua m mil m tha ^l!io i^^f tiiio^ 
ilonfij la lha actlva afta, narnaiy« aapartic a€ld*32» Matldinai^, and aaifna^l . Aapanis^na^ll^^ 
221 am wHhln tha OK^mlon blndliig aHa* MaMtona at tfiaaa poaWorts mm f Itcaly to ifh^^ p»?ieKisrtl($ ao* 
My. According to tha praaant Invantlon. tha amino add aaquancas of aub1:iiisln$ 30$ and 147 wara coif^ 
pamd ^th ona anothar and with tha aaquances of other aubtlliaina (aaa Ty^la II). Raaldisaa f 1^ i»^»fad 

a^ IbatwRBafi aubtWsin i30d or I^^T and ottiar airtJtlBainss iB^Bia^ Idan^HTad^ f^or ajfantipJaiii at jaaJcJtta 1^^^^ ai^b^JSsSR 
309oofitalna a sarfna rasldya, whaiaaa aubtlHaIn 147, BPH% Carisbafig and 188 cental w ^Smi^ m^m. 
Ityms^QKBt If the serlna 1 S$ lesldua of subtllbin S0§ wem diangad to an ateninfi iBsldifs^ ifm ph^nMbst pro^ 
artlea <xf subtillsin 309 mlgi^t ba aiterad in a deairad dlnectkm. Llkewf&e^ aubtiitsin 147 CiOi^liis a mt^m 
laaSdua at position 218. wharaas tha other subtliislns exprasaed an aaparaglna miidiia Bm^m» u3MMn 

3S 147 tiaa Impnwad thanriBl iMblitty ratathvato the olhar aubtlllahia^ trR^af Ing tha aapars^Mi 218of ai^ft^ 
tes a sertna neldua might Impiove tha tharmal sfablltly csf subtlli&in 3D@. As ane^lw asisN^^y i %m»s 
lacs^iad that» alnoa Thr 71 la doaa lo tha adlva sita* tha iatroduotlon of a nagaf Ivaly ^^laiigpsd mi^mm^ 
audi m aspaitlc add, might suppress oxklativB ettadc by dbctmslHlic nspulsbn. l}m stifts fiist most 
3££Sytobar«iavantlotha pliyaical pmpertteBOfaubtiilKiiarathDaa whidi tii6i^^i:»:»taar¥a^dxtofAn^ 

4» m^um batwaan most sy litlllalns, fbr stxampld Asp-1 53 and Mn-21 8 dis^asad abcva« md al^ T^r|>-3« 
Aip-ITO* Pro-168, Hi^67, M©t"175, Sly^^ISs Arg-27Su By mutating the nudalc bxM ms^mamm^tbi^&i 
m&m add which diffinra fnom othar aubtijliHna ta aubi^ilulad wi^ an amlao acid thai eonfeMma, a mm 
^sMa fcifm of autAHiain ftwtf taacrft 

Vy^a at si. (19S7» Proc, Nati. Acad. ScL U ,S A M: 121 d^l 223) have used comp^fscm tsi mrikm add 

4a aai^[itaficaa and attSKlinftdad mutation to anginaar aubtiiiaui aubatnsta apacif idiy. Tha ^ssM)^ adfyf^ 
^¥fiH^oiffl gubtHiaiftft oan differ marifflpdhf aoatnat aateotad aubatrateft. WMte hat thown ftf#fr mitf* 
no secid aubstltutkms oen c^ausa arnykilli^uBfBciena subtliisin sui:^iatB s^cSfldty Is s{^»osdi itetof 
IKdianfOrmfe sut^jllaln, artitymaa that diflsr by Ikcfora of 1 0^ In casihailytk: aff blancy In tiair fta^ysatsls. 
Ccinpadson analyais batwsan aubtllisin 147 and 309 and other subtHialna has indicalad mii^a^ 

ai ItHi I^Qiowkig altaa may altar tha phyalcal or chemScal psopartkm of aubtlilain: 8« % i% 3a-^ 

mm, 87,71, m, m iis» im* 121*122, lai, la, 131, m i^iae. las, naa*im 17^,175, ^m, 

imt, ise« 1 87, 191 , 1 94, igS« 1 21s, 21 a, 222« 228, 234-238, 241 , aaO-^, 2m, 2m,m2m. DaM^ 
mem at tha following aKaa In aubtllMna 147 and/or 309; Inaarllon of appmprlata Btrim add fBsidtiaa irto 
fiMi^ tjghte might aahaaca tha atablHty <3t tha paiant anzymaa^ 1 , 36, 1 S8v 164-1^^ AoQOiid%i|i lE^Hia 
aa ms^l^ iiuatratad by thaaa awsmiiSad^wlild^ 
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l^lflODS FDR PRODUOiNO MUTATIONS iN SUgTlLiSIN GENES 

lyteny methods fat Introdudng rnutatlonft Into gene^ am wall known In the an Aftar a btM dl^otsakm 
<^ <2lO(i£fi9 &ubf;lls&in Qdn^ts* mafchods f&t gAmnrtlnQ mutations in botti imdont sStos« jatuf ^pftc^lift s^ittfi^ tn^lv 
id lha subtllbtn g«na will ba dboiasad. 
^ g^i . ClONINe A SUBTIUSiN GENE 

Th9S9fia«encodlns li^ubttiiSK fiat) any Gram^posithm ba:^amfi^i«B!%va(rl^ 

tn^odsv wflilt known tnlhB art FM« gsfiomic, andtor cDNAIftrary of DMA mui^ to om^iiioM usfins 
^^sumoaofncil ONAor mflBadngsr I^NA tem thfl oi^gsnlam that pnxjuoea tfio aufa^ls^ la h& i^KMed. 
IhBn^ If fha amino-acki ssquanoe of tha subtilssin Is known> homologoim. fabaSod <3^c»ttid»lkld 
4S fm&m may b» syntheetod and usad to Identify SRibttBslnHsnoodlr^ ckmea from a qi^kh^ ffisfBry ^ 

bacterial DMA orfintfi ^funiid cDNAIIfaisrv. Alteniafltfalv.^B MMflad dkuinuitefsiliftiiicsibiits^^ 
SBacpem^ hKimokigGiis to subtHtsin from anothar strain of bactada or f ungua oouM ba imd aa a ptcSm 
tB Idantify subtlllsln-anGodIng don^, using hybddlzatksn and washing conditions o^kmrn^^^n^m^^ 
Yet another nrMsthod fo^ fdantffying aubtlflaln-produdng dones would involva Insert^ ffBgsim^ 
^ ^ganomteDNAlntoan axjrtaaa^ plasniid. trsftnatbrmlng pmtsaa^^^ao^ivdbad^ 

w^ tha faaidting gsnoiric DMA ftmy, and than piling tha transfonfnad bacterta oiilo aptr ^hxm^SssMs^ 
a aubatrate fm »u btillsln^ Budti m mk\m milk, ThcMsa badarla containing aubtll Isln^-baaiit^ ^^iamM itM 
fS€^aoB Doloniaa surrounded fay a haki of dear agar, duaiodlgeafioni of Ihe aklni fitS&byasisGf^^ 

« QENERATIQN OF RANDOM MUTATIONS IN THE SUBTILISIN @£NE 

Onoa the subtlllsin gana has bean donad fntoa sultabla vectoTp auch aa a plaamld^aavafiad ina£h^ 
<m be uaad to Introduoa landom muttons Into the gene, 

One inethod wouM be la Incoipaiale the dofied aubtlHsin gene, aa part of a ratitovtMa ymdm^ iiito 
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« imitatar Strain of Eiwghertgte mil 

AnDthdT method would iiwolwa garmnating a ^ngte branded fom of the subfiSsitt $6m^ fbm 
xtnsiBsffng th9 ftsgmont of ONA oontalnftig ttw suWHMn gonaiNMi moHiw ONAft^s^noitlstKli Ifirt a 
pm^ti of thik subltIMn gsnt mnaln^d single 8tnnd9d< This dlssrste. singte stmnM m0m ^smM 9m 

$ im ftxpoaed tci any of a ntimber of mti^sganking s^a(n^» induding, but not llmMd txi, md^m bisy^f^^ 

^f&mx^^mkm^ nttmus add, fonnk: acid, or hydraiazlna. A«padf fc oxample of m& molfKxl l^gi^iai^ 
«^ random mutatlona J® demrfbsd isy Shortla and Nathans (187di Proc. Ns^. AoatL Sd* y*SA« 
m21 7^-21 74)* Afiooftllng Is tha Shorlia and NaEhana mathod, tha piasmid bearir^ ti^ atiil8isl» 
^ttfiotyld ba nk^o^ by rastftc^kin anz^e that daavas wtthin tt^ gana. This nlGkm»lcl l>8 wls^aiiadt tt» 

n a gap listfig tha adeomudaasa acilon af ONApolymanisa L Tha fasultii^ abigta^strsttdad pip mim Hm 

Da mutaQanissaa uwna any ona or tna aDova nmnoonaa nKJiaaanizina agama.- 

Altematlvaiy, tha subtHlrilii gana from a BacHlua apadas Indtiding tha naturEi picims^m^^tm 
oof^iol afiquenGss ooiifd ba cionad Into a falasmld vector contilnlitg rapf loons ^ isoih E^odi 
^a^^flte, B adaetabia phaiKAyiale msrl^r and the M1$ odgin of raf^licatlon f^t f!^rodt»^l^ of e^ri^ 

fa stfandad plasmid DMA upon aupartnfsdian with hdpar phage IR1 < Stngla-stmndad plasfi^ tMA&m- 

mt&nu tha donad $ubtHl$in i$ issdaled and annaaiad with a DNAf ragnfiartt omtefettig v^^^ 
i|ugmed but not tha coding region of stubtilteln^ nsadting In s gapped duptax mdaouta. Mtj^^lcm 
{f^oducad Into tha aubtUteln gana atthar with aodlum bisulf Ito^ nimua acid or foni^ mcM m Iby mj^ 
oflHon In a iraitator strain of E» cd j as dascsiibad ^xiva« Slnoa aocttiinn btsuinto taadi^ asaslti^^afdly ift^ttii 

m ti^^ki^ in a singla'^atfandad DNA, tha mutatlona mi^d with thia mufagan aia maljrkiiad lo fita 

oofiting laglonsL Raaction tlma and blaulfita ooncantratlon ara vaHad in dlffarant axp^ffi^nta tss^ l^iat 
from ona to f mutotfons ara oraatad par aubUSdn gana on avaraga. Incubation of Id iig of sapped 
liupiax DNAbl4 M Na-dai^^ 

^s^mA 1% of cytoainaa In tha alngla^mndad lagba Tha ooding mglon of matura atfbltwii oont^aa 
^ ^dbout 2D0 (^lostnaa, dapamling on lha DMA strand. AnNantagiousiy* lha raaotlon 1$ \^^lad 

inm% ^ mm 

Aftar mutaganasia tha pppad moiaoulaa ara traaiad in vitro with DNA potymo^a I §^^^tm^ 
mmj^ to malca fully doiibla*atrandad mdaculaa and to fbt tha mutatlona, Compalefit E> co^ »t» Hien 

m tran a tar m ad with lha muAagantead DNA to pioduoa an ainpltflad flbrary of mutant at^ti^ Aa^plKiad 

imitant iibnstlas oan also ba mada by gr^lng lha plasmid DNA In a Mut 0 atrafe! of & odt "wfiidi fiv 
oaases tha renga of miMbns due to Ita errar prcma DHA pdymeras6> 

The mutagena nitrous add and tonnic add may alao be uaad to produoo mufc^tf Cartas. Sacaiisa 
^waa chamioda are not as epadf io tor singla-atiancied DMA as aodluin blsulf Ma, tta im^laseiteela la* 

2a iMs^ona ana pai'fofiriad aoGondlng to thafMovrtng pinoadittB. Tha coding portion of tlia auSilffiifti jpiia 

Is donad In MIS pha^ by stondard matliods and singls strancM phaga DNA pi^^s^^. IM s^ni^ 
atiaftdad DMA la than madad with 1 H nttrous add pH. 4.3 tor 1 &40 minutea at 2S^ or 2.4 U toia^ 
addfbr 1»5 minutaa at 23^. Thaaa rangaa of raadton times pioduca a mutfatlon fmqtmw^f c^from 1 
in 1000 to S fn 1000. Aftor mutaganealaf a univaraai primar k annaalad to tha M13 OfiAamf dy|)^ 

^ Df^ la ayntheaizad udng tha nnuiaganbsed alngl€hstimndad DNA m a Umpk^ m that ifm mdk^ per- 

tl(Hi of tha BubtiMn gana baciomas fully dauNa-strandad. At this pdnt tha coding mgkm cait tm ^ 
011^ of tha M IS vactor wfth lastrictfon anzymea and ligatad into m umiiutoganiEad ^^qp^asaa^it 
m13M mtitationa oaour only m tha n&etxfdion AaQmani. (Myeraat aU Sdanoa 239^43^ i'tW^}. 
By yatanothar mathody mutationacan baganaratod by aiiofwing two disslmlkribmiaof adbliSsto 

4a to tmdaigo mcmibination In viw, Aooording to thia method^ homdoeoiia n»glona ^tMm% ^hmg&tm^ 

taad to a onosaHCivaraf OGMTaaoondino raatona taauKno in flia axdianaaofoanatio irifa ma i $ < Mi^ Tiianan* 
ssn^lkxi of hybftd arnylasa mdacuias aoDoidlr^ to thUi toohfilqua k fully ^scrfbad In y,S. patoMsf^i^ 
canon aerial number 07,302, filed on June 29, 1087, a^ldi Im Inoorpofatod by raferamsa M M amialy 
fm^n. An axampla of a plaemld which can ^anarata l^bHd forsm of su bti If dn Is M Bgia» & 

^ £tolh tha aubilllsin 309 and 147 ganaa^ fanoofporatod into plaatnid pSX143, aia tnim^todt and lhaiaim 

ofinnot thamsalvaa taad to aubl^ldn axpnssalon* Howavar^ If faoon^ns^^m octsufs baiwaa^ tha two 
gana® so as to oorrad; tha datoot jprodui^ by trunoatic^i, tha N MmirMil nggion ^ ifmm^^ 
gaaa Isaoomaa linked to the C tomiind tteg ton of the eublliialn 147 gana, than mts^m^ atdsilM 

as ta^whodavalopapitjtaasapoa^pl^^ 
diimaras, can be idantif led. 

&2i>. 6EN£RATI0N OF SITE DIRECTED MinATIONS IN THE BUBTILiSIN GEHE 

Onoa tha subtilisin gana has baan donad, and iteaineMa dtoa for muta^ ida«i§^ft4 itmm mxh 
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i$m be Introduced u$ln9 «ynth0tte of Igo nuolootMos. Those oHgonuotooeidos fi^^kstoi^ 

s^^^filtosls. iiiapretoirodirattiiid,Ai^ IxIdslngthostiliiiSlis^n^aifOy is^Foi^ldd 

In a bn^ng tho subtiil^fn s^o< Thon the ^tiotto nuolootldo, boertng the de$kod iisMlcm, S$ 
^^idc^ted Id a homok^pua ponifMi of lha silr^li^stmr^^ DNA. Thfii raiminlr^ gap f^od ^ 
pdymei^se I (KJanoMr f^ragmanQ and the ccmtnuct Is (IgatBd using T4 A^^Mki msamf^ 
^is methcxi Is daocdbad In Modnaga oi sin (1 d84i Blotochnoiogy 2:d4&^6&d>. Acc^ins fo Motfti^ 
af mgrmnt withtn the gene removed yslng ms^iictton ondomicstoode* 1D»yeel&«^$i»tet nowoef^ 
IsMng a gap» is than dsnatyred and hybrfdksd lo v^cloifgene whSdi, Inslaad of eauta^i^ a §ap^ lias 
been oieaved with enottier restrloiJofi endotitiGidase al a eile outside the area iRvolvod ttte^^ A 

mnaNng gap is filled In by tha Kianow f ragiRant of DMA po^inarasa 1^ the lnsar3Q{i& aia {^^aiael 
T4 DNA llgase, and, after one of fapllcaHoni a douNe-^tfanded plasmki basffn^ ttie {ieaiBd tm- 
mkm h produced. The Modnaga n^eihod obvtetee the additional manipulation of oon^n^loii tmfm- 
stiidlon silaSj and tharalbfa f^cHIHsteis llie gsnofatlon of mutatksns at multiple sites.. y«S« Fiileiitiittiiil^af 
4760,02S, by E$^t$iio et ai*. !$$ued July 26, 1 96@, !$ able ^ introduoe offgoiiuoieoSd^ &e^ft^ i^^suniie 
mulatbns by pedbming minor altemtlona of the caaaotte, however, an even gra^r mM.f of 
^ofiB can be fnttoduoed at any one tinna by the Itolnoga malhod* bacaiiaa a muitltudte of o^oistidaGk 
^id&<. of vartotia fanotha. can be inbnodiioad. 
glS. g)d>RESSIQN OF SUBTIUSiN MUTANTS 

AmtHdlng Id tha Invention, a mutated subtlltein gene produced by methodi dascitijad alsova^ 
^SsenaiOKB methods known in the art, cam be axpias^, in enzyme Ikaia uahg eunaaixvsaion vector. Air 
as^Mieioft yadof genafally M la undar the definition of a oloning yeefor, abice a a aaqmeelon vaolor mudHf 
indudaa the componanta of a typical doning vaclDn namely, an alemanf that permlta atiiyiaiiMiia mptt* 
o€lion ^ tfm in a mloroorgan^m Inda^ndent of the genotna of the miat^anisin« and oi^^mom 
jphenQtypic markara fer aalectkin puipoaea. An etxpndaalon vaciDr Iflcludaa oafitioi lam^mmm ^m^k^ m 
pmm!^, operator, iftoRoma binding atte, Mnelation Inlllallon signal* and, opHonal^, m M^xmmt^mm. 
lb i^mmft the $aofatlon of the expreased protsln^ n eotlda^ anooding a "Signal aequ^rm* may b9 ^m^s^ 
pcforlottia coding aaquence of the gene. For expression under the dindctlon of oontrdeaqueiiGi^alaii^ 
gwtatobetiaatedaGcoidtngtotiiabiventton 

ft^sme. Promoter sequences that mn be Inoorpoiated Into plasmld ve<^ors, and whlc^ mn W^ppit tiie 
IransGilption of tha mulunt aubllflsin gana, induda but aia not limltBd to the prokM^c^ ^lad^aaiaati pc^ 
m(a^{\/illa-Kamemff^ at al.p 1d7B, Proc Natl. Acad. ScL y^.A 7S:3727-3?ai) and IM t»e: ptmw^^(^ 
loen et al.« 1 983, Proo. NatL Acad. Scl A ^:21-2S)« Further ral^effancae can also t»al»^ ^ 
pi^m 1mm iBoombinar^ bm^bmW in ScianHflo Amarican, 198G, a4^:74^fti 

AcoDTdlng to one embodiment B, sybtills Is t mnsfcmied b}f m axpraaslon v@dcir carr^^ Wm miitaled 
if edqpiesalon is to tske piaoe in a saoiBtlng iiilcit>organism euoii as & subtMis a ^lal ea^|«j@i^ 
id^€m the tranalatlon Irtttleitlon dignal and pnscade iha ONAaaquanoa of intsraat Tha ^^^^ mc^umncm acta 
to tf^isport the aiqtjfaaabn pniduci to the oall mMl where it ia daaved from the pitdui^ upm ^sm^im. 
T1ielarm'^ntK>li^uarK$aa''asd intandad tDlndudeaalgnal aaquence^whantlspfsse!^ 

SCI^ENIN6 OF MUTA^fr SUBTILISiMS 

For aoreaning mulanta, transficmied B. subtllia oan be ojltivated in me pre«enca of a fito mstolal 
faocii aa nftfooalli4oaa) to which the aeoralad impfeaaion product (a^* enzyme} binds, in oi^dtof 6^ aciai^ 
lExr an exprasabn product having a daalnsd charadariatl^ filter bound aacpiasslofi prodtK^ k ^st^^ec^ad 
ooiidSSonis whidi distinguish axpresaion pnxiuot of intaiaat from wild'^typa axpn^km pemkA For axanv 

^ flttar4ioufid e^cpreasicni prodi^ 
praduc^. Prasafvad anzyma aetiytty iolkiwlng advarsa trBatmant auggaata that the mula&ii ooafera eiv 
liaitciiad s^biiity on tha anzyma, and Is ther^bra a uaefui mutation. 

ki one ambodiment of tlia invention, scsraening for stable ^dants Is aocomplislmd mk^ a pfo^^nm 
<£affcient ft auMte atrain tnanafonnnad i^th the vartant plaamld and pialed out as foHowa: a tMxmaeilMom 
l^tSGTlfit placed on a nutriant base laa palfldk^ andaoelliitosaacaMefll^Nria plai3sdo^tO|i€f ^iaaSii3t»' 
liiiaM^. Cdonles an^ atmm on the eiilubsa aoefate^ and profaase from individual ootoi^ is sm^^i^s^ 
2{m»ish the cellukiaa acetato onto tha nltn^iDd lubaa f lliar naHtmrn It la stably bound. Pnc^eaaa tftm insKteda 

pmeaasing multiple f iltars. 

1b Ider^if y oolonbs producing aubtliy n enhanced theinrtai s^bliity, tha filters cm be 
huSkff WQ\utkim at temparattinaa which would ir»d:hfate substantially all wild-type adl^y. Visrk^s of ari- 
issHRoad stability or activfty MB»n activfty after this ^rtep. The suitably treated f itter ttien Is so^s^ »i a sol- 
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i^lgii 43ontefr)lng Iti^^UAig metl^ $ster (TAME) B$n2ot^^-0lhyl-$ster (BAEE), Ax^^l^P4m0'9^ 
PtHEl} (Sigma) or aSmllar compCMficte. Bacauad TAME, EAEE, and ATEE ara aub^^alaa Idt ^ {»«^am»& 
t)i^midaay0d ki semaa on 4ia HKbi' conMnliig vsHtaiil sufaliMiis whkdi imialnaclN^iaflaf (PM^Iii^ifi^ 
M cl^vase ooain, pistons am rri^ased In tht nmtt»i mam phanol ml to cji^iQt in ^e^^mit 

$ Md 10 In amafi i^lrkSng protc^a aotMty . 

1Mb procadurB can be used Id scman Ibr diffomnt dasaae dt variants with oniy ir»o^lc»tlQns* 
i^a(9cample, tiia filters iXHid ba traated at high tenfiperatura* at ftlgh pHt with dem^^»ai^ C0(%iz^ 
agai^ or undar other condlUons whteh normally Inactivate an ana^ma aueh as a protaaeaf&f m&si^ 
vm^UL Variant® witi altarad bstrsia specificity could ba sc^aaned by iBpladng TAMSy BAEg, ir A1BE 

^ 0^ar aubstialBS wMeti ara noimtty not daavad by wM^tj^ sut^isln. 

Onoa a vai^ant isif anhancsad atabttity li ktentlf lad by acmaaln^i tha ixriony ftotti ulil^ ilia v^^tlmt ia 
diflvad Is Isolatad and tha aiterad subttil&ln Is purif lad. Bqpartfnants can ba pMfmmd m Ito piitiflftd an- 
T^m to datarniind wr^ftlom of stabllKy tciweda 03ddatbn» tharmal Inaotlvaf Ion. dmstos^km tBrn^fem- 
tt^l^attcparamaj^rsaawallaacri^ mad8uramanta.ThaaltBmd gan0c^^^baaa<{ti^K;a=d 

w ^ datarmlna thm amino add changaa msponslble fbr the entancad aiabai^* this piOisady»y vai&Hf!^ 
wti mm^m4 mmnst nmmm hava baan faoiatad. 

IXAI^Ui: SITE^ PECfFfC MUTATION OF THE SUBTHJISiH mm QENIRATCS ftHJlANTSMIH 

i^O^iE, CHEMICAL C HARACTERiSTIDS 

m 

^A. Ij lATERIALS AND METHODS 
«LiA. BACTERIAL 87KAINS 

aubtflla 309 and 147 aia vadanta of Badliua jantua, dapaaltad with tha NCIS and accdidad tiwi 
aeeesslon numbara NCIB 10147 and NCfB 103OB, and dascilbad [n US. Patent Kki. 3 J^«^^ lasitad 
^ tUmh 27, 1073, and fnciorporatad In M antiraty by ns^ranoa hamln. iL aubillls ON 4^7 U daaofttsad 

h(i UL & Serial No. Q3d^d6« alaa ineof|Kxrajad lay rafamioa baraifi^ and te an am^ ii»i!aS3rn«»i£ of Ryft 
2d8 tttth {dVQfnoaomat DNA fhMfn SL 43B. a aooftilai^Dn and aralaaea dafldanl sliiafa obteE^iad ffot^ 
pf, Klfn Hardy of Blogan, E> ooll MC 1000 nn* (Casardaban, UJ. and Cohan, {I^OJ. X l*crf. 
Btoi 138: 179"a07, made rsrf by oonvantlonal methods and Is aiao daacdbad In U, S. S^tlsi 

feu. PlASMtPS 

pSXlSO (dasoflbed in palsnt application s^al No. 039,296 filed April 17, 1967^ and kicoipf)* 
mtad by mfbmnce herein} Be a derivative of ptasmki pDN 1 050^ caompri^g tha pramo(er^*Q{»afal^ 
8> pumliua xyn B gana and the B. aubtHla xyi Rgena 

aupna) laa 

pDI^ 10§0» compMng the pm ^no te ^ ^ ^panl^or P^C^ Iha|ygiin^i8 xyn B gene, ftmKj^^^ygjfi 
Rgana. 

pSX9S,aiioMmtHRgim3a, lB|n^ 11182^ Qeiielftg^^aa^ocampfa^ 

o.7i{£i XbaMnd m frasmantof^aubkHialn 308 gene incM inaan^i ^apo^iai^ 

^ £^acpanca. 

pSXIl 0 la pUC13 hartiortng an EodRi-Xbal f ragtnant of tfia autitihiin 309 gat«a li^sMaftad Ito ^ 

ps^jw£ \aaap(ioaa tn y ,9* paoant appiicatioii iwnai no. afipi«9 oarwa^vw oi ipo^M 

Pty) , which faomprlsBS a fusion gene between the calf prociiymoein gene and Ihe 8.^injfeia xyfi B 
4S gene inserted Into pSX5D (supm). pSX62 was generated t^ Inaerting tha E>oaii rrn B ^mkm^ Mo 

pSXS2 tiahind fN^ proo^iynioain gena. 

pSXi2 was produced by donlng the aubtllkln S09 Into plaamid pSD^ (aupnai^ ct^ al €ta f and l&id 
£S aiid filled prior to the Ineartion of the fingments Dral-Nhal and Nhel^Hind III f mm 1^ doned stMSsIn 
3^gana. 

«? %AJSL PUfmcm^HOF BUBJlUSim 

The pfooadunai nafatea lo a typio^ pudf icaHon of a 1 0 l%ar eoaie f^srmanlatkin ofihe SuM^s^ "147 
Mz^a, the Stibtiltain 3(^an2^a or mutanta therein. 

Appmxifnateiy 8 llfeara of fiatnientation txts^h wane oantdfuged at SOCIO fpm for mte^^aa b 1 1Msr 

as aiOOfntdrplatas. 

The f lltratea were otinoantmted Id appfojdnrtalely 400 m\ m\ng an Amicon CH2A OF ^^4^pe^ 
^nl^ an AmioDn 31 Y1 0 UF (bridge. The UF concentrate mm cantrtf ugad and f illemd prior ^adaQf{>^ 
Mofi on a Baoitracin af f infty ooiumn at pH 7. The ptebmm waa ahitad fmn tha Ba«Siaw^ m^sm 
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2$% 2«prop8nol and 1 M sodium chtortde In a MfBt solutiDii vrtU (XOI dinriethyttfkitate seM, 9.1 Wt 
ae^ and 0.dQ2 M caidiin^ chloride adjufttad to pH 1. 

Th9 ffSKiltons with piotesw jBKsHvtty (Hirifteafloii^topwofe^ofntjl^^ 
pifKt to a 7S0 ml Stphsdf^ ooiurnn (S cm dia*} aquillbmlid wKh a butter o^nMA^ {MM 
n fiiyigl&^ik^ g^d, M IhhIc sdd and D.OK^ M calcium dikirkia adjust to pH 6 JS. 

FracHons with pnstaolyfcic actMty ftmm the S&phadex 025 cxslumn wem corr^^rtad apptol Id 
« ISO ml <M Sepharoso CL 6& cation axdmnga ooiumn (5 cm dla>} aqulllbralad wK^ a Isi^E^OQ^^aiR^ 
0.01 dlmatti^elyiarfc add, 0 J M borie add and 0,002 M isalclum ehiorlda adjuatfid f& pH 

The f^fdass was aly M using a linear giBdIent of 0*0. 1 M scMHufn <^ioMe In 2 tttm «f tie saitia 
n buffer (0*0l2 M sodium chlorida in easa of aub 147> 

Inaflnal puffflcattoni^b^iiMaaaaooni^^ 
mmd ftnd c£»neantrated In an Airtoon iHtrafHtnitlon cail aqiilppadiiifltti a ^I^IP iwx^HampoinllHi 
l^lah Sugar Fad!odaa Ina). 
SulitlHlaln3D9andtmitaiita 
W Mel 222 to ^a 

Giy 195 tci Qly 
Aan 216 to Ser 
Aig 170 to lyr 

Oiy 195to<Slu» Af8 170 toiy 
m Giy 195 to Glu, Mat 222 10 Ala 

w&m purified by this pri^cadura. 

A OUGONUCLEPOfnpg SVNTHE8I8 

All miafnalch prfrhaiawatM jynti^^ Bb«yalaniii360AOfM«ynfii(a^Eiffa!^ 
fled by polyaorylamida gal aiaotrophorttfiia (PA<3E}. 

m fclJS. DETlEFyVflNCTON OF OXiiMriON SmBjUTY 

The puHf lad oitaEyme la diluted to aa anaEyim oontent of approxlma^ly 0.1 mg/^ml 1^ 0;01 U <Siiie* 
tl)|$sf ulnile add pH 7 and fa Iha saina bi^aritb 0.01 M paiacaMa add (pH 7). 

Both aata of dltullona wm heated ^ 60^0 fot 20 mlmitee* Proteolytic activity waa mawnml fti 
ttiedlltitlone befbre and aflerthe heattmatment 
m 6.1 A ASSAY FOR PROTBOLYTIC ACTIVnY 

OPA'CaaeIn method 

PtotBo^lo adMty was delermlnad uting oaaeln m the sub^rBfei. One CaadH Pit^sase IMI|t^iJ^ 
t»<}ef Ined as the amount csf enzyme Hberatlng 1 mllllmole of pdmary amino groups (del^n^netl tj^ <sofYV 
piRlaon wtth a earlne standard) per mlrajte under indent ooitdltlons. 1^ ^cubat^ for 31^ el 

A2% (w/v) sdiAlon of ca^ln (Hammarslein, supplied by Merdk A.G.» Wast Genrnr^mts p^p^Eed 
^ the U a Ners^l Buffer d^cribed by Bittton and Robinson {Joum.Ch6m^Soa 1631 * p. 1451)* acp^ 
«dltopH9iS. 

Two ml of aubstraie solution wa& pmineubated fn a water batii for 1 0 mtnulBit M 1 fii of ei^ 
^ zyma sduilon containing about 0.2 0.3 CPU^nri <^ Br^ton^Robim^n buffer (pH 9.^* was acfiad. 

M mirfutea of Incubation at the rwactlon mm tanmlnaM by the addition of a elof^^ (5 
of a adution containing tddHoroacetic acid (1 7*9 g). aodium accMe g}« and ac^llc acid (1^3 ^« 
^aduptoSOOmlvi^deHQHfiisedivaia^., AbteiA was prepared in the aainemanr^ 
«9BC8pt that the afeopping agent was added prior to the en2:yme aoiutbn. 
4a The leadtion mixtures mm li»pt for 20 minute in the water bath, whereupon fiiay were liteed 

iiaoiigh IMiatman^ 42 paper tVUm^ 

Prlrnflry amino gniupa ware datOTrnlnod by tlieir odour development adth o-fi^ah&iicfciliyde 
<OTA}, 

Dlsodium tetrabomta decahydrate (7.62 g) and sodium dodecylsd!^ (2,0 g) iK^ii^»3lved In 1^ 
ai of water. OPA (1 60 mg) dlasdvod In 4 ml of methand was than added together with |tl of iiela- 

maii:aq»toethand, whereafterl^ed»l^ was xnade up to 200 fti wfth water. 

To the OPAreagent (3 mQ vt^ add@^ 40 ^1 f^theabove-menttoned f ittraieeiifiai wkiSsp^ Itseop^ 
detidty (OD) at 340 nm wee measumd after mbauSi 5 mlni^* 

The OPA test was also oer te ffl i e d wfth a serine standard coniafnlno lOmooffietltta^iffifiiiol 
as 8i^lon«R0binson buffiar (pH 9.$}. The buf li»r was used as a blarit 

The piioteaae adthdty was odcdated f mim the opttoal density rr^asursments iiy mmm di^M- 
ioMrifQ fbrrnda: 

it 
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KSHi^ ofanzyma ptBpaMton « CPlMrri: b 

^yiiemin ODt, DC^^OC^ md DD^ la the of^tted denriiy of the test ^utbHs UmK serins 3t»n<l^ aftd 

wrigM of soilrw. Q la tiiddiution 
ttie lffGUbstion time In minutes* 

In tha Mowing Habld V, mauitu f fom the above adsay are shorn nEriatlvd to ^ paraiit mz^pm. 
6.1.7. ASSAY FOR mSHABILIW 

Tset ciDtha (7 cm x 7 am, awimlin^y 1 g] were produo^ by psBsing deeized jsotioii (180% ^ 
imcOS71}0hMthit»ehi^ Drying UnfttypaTHptarn«rlli^ 

2Sb»rteh, @wtbs6ff tend) isontaining ^pinaclt Ju loa {pvodumi from f raah sqalrtaoh) and Hkm 8wa«ig^ lha israa^ 
a$ff9 roil erf tho macMno In ordor lo mmm mmm splnash Jytea 

rinaiiy iIiOOKhII WBnl 01190 ill fiairang 8tr 91110^ 

fbr 3 weoto, and aubaequently kopt M -1 8^ prior fo use. 

Tho testa warn perfomned in a TershO^tomofier tesi waahlixi machine (deaoribod ^ 0. H^nb 
""O^iarganoy Evaluation and Tasting^ rntersoNinoa Publiahora LU., 1354, p. 00-61) isoSiaciaialy far 18 
nr&niisas at 100 rpm. Aa dstaigant thfifottomritas atandsiil pcnvelardfllBig^ 



LAS^NaitaaSaO 



AE,Bafoifias 



Soap 



anw 

1.78 sfl 


SotlRuitiallhsala 

0408/1 


CMC 


m 

E0TA 









TAED 



4» 


1MD ^ HMM\ H* -tolmacotyi^ylona dianfilrio; pH ma adjuatad witti 4 N NaOH to Hio ^t^sAar 
iiaad vwaa oa* 9*H3H (Ganfnan Hanlnaaft}. 

Taata wara partofnad at anzyma oonaantnstiona of: 0> 0.05 and OpI GPWi asndl tmo^ ImlR- 
peiKtORt tata of teats mm porfiormad for aa^h of the mutint@. 

Eight dotha warn uaad for €^sh laatlng using ona baakar (800 iti) of daiargani Of ti^ fkHs^ 

okwm and foirwaittaia^ 
tfi iimnlns water for 25 rnfni^ In a bucket 

Tha dotha warn than air dryad ovamight (protactad agatnat day iighQ and §m ramM^ ^ 
lanrdnad can a EIREPHO aooOapactotphotDiriatsrfnm DadbaooiorSA, DiatlclkOR, &!Sril3»i^^&t4^ 

Aa a maaayra of tha w^ing abi f^y dif ^ranlial mmlasion» A R, vm uaad, A R b^r^ Icy Itxi 
iWilaslon after wash witi a n^yme addad m Inua tha nsmlsalon after wash wUh m m^m a&tedl 
g,1JL ASSAY FOR THERMOSTABiyTY 

Tha aama procadum aa abo^ forviMtiablffey iM»a itaad teaatliDatlng tha th»fmaatabl%^flitt 
tnntanfca ptoduaadf by parfonrf tng tha teat at tennpiaaliiffaa af 40"C and 8I^C^> ra^HKStlvalyx 

CaLQNINQ OF THE SUBTiUSIN 309 AMP 147 GENiS 
ChKMiKMOinal ONA^nQmtho'309*a£relaiflmla<iated 
for 30 minutaa at ZT^'Om and than with SDS fof B mini^ at SOt^. Suiaaaquantiyt tim au^^ai)^^ wa^ 
i^ieoted with phanolohlaraform (50:50), pn&clpHatad with athanoly and tha pmdp^ate foi^saahiail ^ 
mutfa aomtlon waa traated wm RNaaafor 1 how'at 37*H^, 
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M {fiem Engiand BSdabs) and f rdsmante from about 1.S kb to about 8uS icb Mmm ^ci^ad m DIAE 
ian^Hi}* 

Aa Dutllnad in flQum 1 the f mgmsnta wain annaalad and llgafead tei BamHI mi fi&staM pSD^SQ (dfih 
scffbad In US patent application No. (B9,2d8 ftSad April 17, 1987, which Is hareby lEwUKkKt itorfil^ 
ma&% The plaamlda ware than t rsns^imnad into oompatant a> subails ON 

Tha oalla wava Vmn apraad on LB agar platas with 10 mM phoaphata pH 7, i 1*3^ ^Mmm^s^m- 
and 0.2% xylosa to InduGS tha iq^n^pitHnoler in tha piasmld. Ttm plaSm akio c^^^tskmd 1% s^ff! 

so tha proidasa prodyoing timnafoifnanta aoidd ba dalaeled by tha daar halo Urn site i!)^ 

fvaSSi UKfan uoprnUnCfe 

Prolaasa wcpiasslng dan€» ymm pmdusmd at a f requane^ dt 1 0^. donas waiatMimllt^g^ 
S>oynEKl plaanida carrying tia genalDr aubtlllsin 3Q9» pSXie and pSXSS. Tha gana waslliaasaip^tGad 
the mathod of Maxam and GUbait Tlia daduoad nudaoSda aaquanoa oTaubSiiatn 309 ia {maaiil- 
ad^lM^lalL 


IS 
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l!9bX% ZX 

xs&aMiAC69 TSQSGiBMUMSt cgoscMwocc acAcsrAcsc&ss fq t owec mt 

JusfscaoceMc eciseoecsaof smomscum CMUuuuoAsm xmcfcxmaiT 

ta 

ai^NSIM3«tiUMMT <nttM9QM»raff <miy6AAeiUUS»A (8MKKiaUU,«Q»C OMKfflOSail&f? 

CSCSKjSmaSAA SAaGMGTCSaA STfSjUiffGCfS CATCJUifTfejA ACS&f^CTQl? 

{^^caT3X£ius fTM«occK<3iiA GATsi^cfmcGca cssmiuicxcoAT ctmmmm^ 
^mskTSimmi ^^mmMKhmA jkcmshjmoca oMXkimcex msasMSBrntsa 
oiSQ^socikMcc cGkocaxxxxia uuBosnKHoote hcximvmefs mkiMmfmBS 
«iKxm»ii:uuEk tstmsftsoeias cxaccakOAcm uaxncmsfm o^osmsmr 
^R^^seMfiflOM ccftxceftieseaA fosBmsumm c&vsacMKKSMp osfooeec^^aoe 
^»?«8es«cxm JiAaukanNSSAfs ocoBvsameB mnaeatxaac ^omMsmmtHf 
«K!CQmMeish srauHseocMAoe iaaaneanaamm vscksesmMfg oceeiuw^'m 

A^ssiscc^GXT mmAmsmm A&fj^o^iscsACf tct&o&sscstx cffQ^fsmsm 
ci€%$cs«»3a2yi7 so^sotgo^c tcuaekBffSkS cc6G^ca/ma oomj^i^QMm 
^^cftascsoMKss jwag<»ccm*e MouMsofiCficc MKannsc&CM tftseeeocsMKKJ 
^mMasorave «e&ccxad^?acik MocnecMuuKi iicmieeaMKn; vau^esmscc 
MexiaoActm mKffsaiamm iasmxskTam ocMasracMa^ oocess^Rem 
cimMsm/scek 'xemmm ja mscfMOOOBQ uniaaaaMa MMmneeseMm 


h&cmmiam AOGMkcmmx oxshkBssmsnei! QesckhmcimK 60s$cjiac»o3c 

1141 


Th9 saim9 procadure as abova was ussd Itir tha doning of tlia suMlllsIn 147 gsn« wtcsf^ lf» 
CMAfragnmnta ware Qptad IrOo tim i^aHnU pSX56 (alao liaaatied faiUS awial Ms. a8SJiate «^K^ 
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^A^i m MiGaM In Figure 2 inslead of the xyn promotor harbours th9 xyl pronjotcr. Om'eigmm» 
fomd harixMirins d jilflaniici, piSXM^ cairyfaig the gtHM for aubtiO^ 147. Th* aei^iSRCd SM-th^s«» 
i^hown in Mbki HI iMioiiir. 


«aJbX« ZZX 


9K8 mmxm&tM X47 tsisnc 


jissMsifiUMRp cmuMnmm tmrrnGkMCk ««is«i»»facfi< «iKa«W6C9yuyc 
3> fro 

eoiQCfcscik&ca GGCGaaoAaiuui usttMSkvrsG jmm&msBB^ ccmJMQUMnr 

73 

tmsmsmim m^&ji^SMam T%3mf6fG€A€ mmsGmL<sGM, 'mmsmmm 

c&m^eaaT<aise cKaoMcmcs ajyyuiMiuurna jkJUUJuissMAa A&mm?3su£; 

X&tnr* 

®caauiMcciirc aiuuHwiMniak. tOMmMotaax MmxauapBsm ccsfscss&ftir 
^Ecaasamiua MxmomoMm ciime^^ 


mm^QTwaa iMMMAWK/g vcMAxsockBaie mcsMsmex GGGeoiuscQausc 
smssscMse omccssccvxv <mAeiuixiAC aa&ckCGaiuhcs tatisefSQSxgmsis 
jifiauuMaesaoa mMCMnok jocesvasoeiv GoxmcoAcoi vds/xss&t^mG 
'msscscsciOA &£T<?sv^tam mtocm^^tg^ fcdcxTaciTcc GtussmAmk 
ATcrnxmrnsKSfk Afi aaciacssac AfGCAcasTAaff ft&TAtSAscara GjsjkjyKassMi? 
esspsaik&CkOG *etMmmacs tm^kcc&mch xf^o^i^set^GaT Kmxsm^kmx 
oMwosousQiir Mfjusooflf MUl cMfiSAfiSSi^ mseev^niMM vacscskscki^st? 
AHQucssaCTGcik QCftiQXMiiveMi MsooscMM»<! ^CMAonKKEcv uumxeseGGk 
mtmaaam masaaxmm moMMxaaaoMs MCMicmfi»fSh ooouyKsmfi 
^ssaicaassfHSS <KiAAeMSf0S!Ki!0 qc ^Ms iKSc aua ie WMcafooiunn flcwKawssswe^ 
■ ittic^uKSMiiktiMF oniMCTMHUss MOtJucoMaiV ceMOkaecmu!* jy^foauusbsat 
jusmsFcrnkKT fCfCCfaksccsf v&x«KaiAi?S6A raafEkcxs9Bs wsKiasamMiSh 

lSt4 


i1 
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gUU. GENERATION OF StTE-SPECIFIC MUTATIONS OF THE SUBTILiSIN 308 <^j^ 

Site spadfic mutatkUB warn performed bf the method of Morinaga et d. (Bkiedmdk^, etgteaS . 
Tlw faB(wy^ oHgonu d w o Bileg w ww wse d tlPT hitrod 

A27.iner miamateh primer, Nor-fiS?, which aieo geneiatea a nonrel Sad la^iiclies) ^ 

8«ez 

A23HnMH'iyiisifi<il9ti prtrnw* NOft^SSSf whlclt^sito QOTorato^ii ww) B0il 

B^XXX 


Soti of these primen^tottray aw uniqiMCM alt 
«) 8ar>153Ahi: 

An 18-mBr mbtnateh pttaer, NOR-jB84, ^MeMtteoitmmwSm a ncwai PvuH 4rite 

6 

ll£m-334 3'C*TC«C<^|0gASCCm R' 

AS^mer mtsnwiBh primer, NOR-325. wtdch also geneiatea a novel Mai^ 


It 
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li) Mei^222 and 9 Cys: 

^ ti» aaa 

I J) Qly^195 Glu and M»t>g22 Ala or Meft'-2g2 Cya: 
3» For th^ double mutanta cdmblreailonEft of NOR*v237 «nd NOR*235 or NOR*<230 w«m 

fonrnd by jolninQ tha slngla mutant ONAfragpmts. 
k) Ser-1 S3 Ala and Asn-^IB Ben 

A ODnibiiiial:ion 0f NOR^24 and NOR-325 wsa perfiormad in analogy with IN0 at^im 
€af»P«d dup(0x mufa^nosis was parfonpnad usine tti« pta$mid inSXSa as tof^pj^ pS9S9a i$ 
20 stiQMfn In Flguni 3a and 3h> «nd Is pUC13 (Vleirai, J. and Maaalngf Jj 1982, Gafta IS: 21S$^^ ha^ 

botirlng an 0 J kb Xbal^Hindlll fragment of the aubtiiistn 3Q9 gans including tha lemii«iar baMSileNd la 
ffiapalyilnlQsr. tha tamnha^ and tha HIndlll alta om not shmm \n 'MAb II. 

For tha IntrodiM^tion of miuMbns h tha N^^t^riT^tnal part of tha anzyma tha pfaatr^ pSXIl^ waa 
iisad, pBXHd b pU013 harbouring an EcoRI^Xbal fragnrtant of tha ^btllldin 30^ gana Inaarlad M{> 
4» tfm pol^lni^n Tha l@mp!ab$ pBXBZ and pSX1 19 ihm o&m ttia whoia of tha sul^ls»i ^$m. 

Thm miitmtlona b)^ b)^ md a) mm parfitMimd by cutting pS)(§<$ with y(3ml and Ctal as In^ica^ ^ 
F^ra 3a; c), cQ, and h) waia parfionnad by ciMiting pSX93 with Xbat and Hindlli aa sfdksi^ M Wigm 

Mutatbn g} was perfonmed €ornsspondlngly In pBKi 10 by cutting with BaM ami Kl»ai 
4S Tha doubia mutanta 1) and j} vvara prodiicad by cutting tha D J kb XbShHim^l fi^ipFianl front a) 

paftially wth HgiAl (HgiAl alao outa In Sacl. v&iiQh waa jntrtidtioad lay fba mufaftori). Tii$ 1^ bp 
}<i^AI f ragmanl and tha 03 kb HglAI f lagmant from tha c} and d) mtilante, raapacSvaiy« msm 9ffe^ 
l^tlia langia Hlndtll^bal fragment fttm p@X9S. 

Tha doubia mutant k) waa pooduoed aa abova by combining mulanta a) and 
^ Subaattuant to amaaUng, f lUtng and iigatkMi tha fnbctitra mm uaad to iMnalbm Eaei iSM 

f^st^* Muianta anKmg tliMd tiainafiCHrinanta waia aoreanad fof by ookMiy hybirkll^aticii as daaan^ba^ 1^ Vlsh 
^ at al,: 1383, J.Bbl.Oham., 2BB: 7141^7148 and \n Vlasuk, BP. and Inouya, B.: p. ^S^^idS si 
paifitianlai Manipitlatton ctf Sana E)ipmNi)on' tnouye* M* (ad.) Aoadainle Piaaa, Nawl^tiic. Ttm mMh 
tIafiB wem CMftoinad iivDNAaacajattdr^ 
as EXPRESSION OF MUTANfT SUBTIUSINS 

Subaaquant to aaquanca conf IrmetkHi of the oofract mutatbn tha iniMad DNA lia^p^i^ ymm 
'mmf^ into plaamld pSXSZ^ whidi waa uaad for produoing tha mutanta. 

Plaamki pSKB2 ia ahpwn in F|giira4and wm pnKiuead by doniiig tha Sub 3QB3a<^^piaiai»ld 
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p^mz out tt Cial, rittect in wtth the K{$now f rngment of DNA poiyrmmse I, and cut wttti H^ii prior t& 
^InaartkKn oTthafmspe^ta Draf«NhdS and Nhal^Hlndlli ffom tha donad Sub ^met. 

^ted from tha appnoprfala rnuMon piismld pSX93 or pSX1 1 9, ra^paottvfriy, und (sis^^M ^ pSXlse. 
$ Tha mu^tdd p8Xi2 waa tNin used to tmn^rm 3. aubtllSa mmln DN4d7, ma ^mn ^ofm 

In fta sama madlufn and undar tha aams conffitions as uaad fbr flia cbnlrtg of ths piaia«^ iee«»k. 
Attar appiopriats gioMrth tha mutated ansymaa waia raoomrad and {Half tod. 

e^4, owDATioN ST/«iunrr of mutaht subtiusins 

Tha rnyfants a) and d) wara tested Ibr thalr cpddation stability In 0.01 M parsGslks ac£d ^ikiar^ 
^ i!^milas at BQPC and pH 7. Tba parent stialn NCIB 10809 protaasa ms usad as t^s^mtm^ 

Tha laaulta am tndlcaiad In TaMa IV batowr^ whteb praaanta tha raaldual pitriEad^tift a^liy^ 1^ tfea 
haat tiaatad aamplaa lalattva to aaroplaa wtraalad by oxidant or tiaat 





Enscynia 

Ra^du^ Activity aHwrjK) ntei at50*'C 


without oaddant 


sub 309 

09% 

48% 

mutant a 

83% 

45% 

mutant d 

92% 

S3% 


IK is eondudad that mutant d (MM 222 to Ala) «xhll3Ha aupeifor oxidation ^bsbUlly nsniilva to tha pam^k 
anzyvne and mutant a. 

Allt!)anHitaiitaa9mptg)andb}hayaala^ lOO-f^ppmiiypOQlitoria 
fli mom tampargitura and M'^C, pH 6.$ and ao« for from 1 $ mlnutaa ^ 2 hours. 

ThasB teats sheared that mutants c), d)« l}« and |} M6t^222} oouki raatet 3 - 5 tln^ mom i^po- 
iM»1t» than tha othar rmitantd. 

Whan taatad In a liquid datsiBant ctf tha usual buSt typa It m» ftwnd thai mutarftQ a»Ei^»itod a^^aitor 
atsi^itty oofnparad to bothttio otharmiiAanta and tha *parenr anzyma* 
e^JS. PROTEOLYTIC ACTlVfTY OF MUTAOT SUBTIUSINS 

Tha protaolytlc activity of various mutants was tsstsd against oasain as pvotsin sti^safrala^ «k3coc^ 
If^ lo maflioda dalatoi suaia* Tha msuitB aits imaaniad tn Tabla 

fftm tha t&Uit it la mAn that mtitartt a) sxhlbfta an^noad aotivity company U fha p£»»i^ ft la 
also aaan that tha Mat'-222 mutants hava lowar activity than tha parant; but dua to H^rt^ Impfovad ce^ 
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TABUEV 


Prciteoiytic Activity of Mutant 


MUnint 

ReriailvoActMty 


100 

•) 

120 

19 

100 

<0 

ao 


ao 

•) 

100 

n 

100 

n 

ao 


30 


6Jt£. WABHASIinY OF MUTANT SUSmLlSINS 

Th0 vMhablilty of varkHJd itujtAnUiiMM IMdd agadnal spinaeri Jukift a^soMdlng &i n^tiodte d^ai«d 
«upflfl. The msultfi am prasentad fn l^bto Vf . 

Fmm thd tabl« It ^ sasn that all of the te^fes^ mutsnts axhibitad m improvdd ^m^^ nitSS^ eixiv 
p^ad to tho (Nifisnl ens;yin8» and itet mutanls c% d)» i)« and J) ara fiiaitodiy aupoto. 
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dS% {:onf idanca fntarval: ±D.d 

6^?. tHERMOSTABIUTY OF MUTANT SUafnUStfOS 

ThatharmoetaMetyofimilaft^iwae laslad againatlha wild typdanzyma by i^i^ nm^mihsMitf 
tafit at 40^ aitd B&^C, ra^i^lvdy. Tiia reauita ana ah&wn iti Tabla VII. 

Fitivi ifia tabla ft is saen ii^t mulant i) at SO^'C almi^ a imiah Impiwad iM»^i>Si^ ^aas^SNaiad to 
^ wad typa anayma^ iMtwaaaat4^ 
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TABUEVH 


WaahabI 

itty at Difterant Tfitnpeial 

utm 

Uutant 


(CPU/I) 


0.05 

0.1 


14.4 



16.8 

19.3 

none (90"C) 

1S,1 

24.9 


30.4 

31.3 


^l^iSNn umm "mm cloned from Ih9 147 and 309 varlanls of tie bac^rtum BarfSyg{^i»» ai^ liie 
d<m0cS genea wem ddqyanotd. ^ ooiY)parin$ the deduoad amino asQuenoes ^^l^tld^ 1^ aid 
Stl^ fxm lAfith the olhdf and wUi MCfuiMieaa of other aubUHalna, altos whldii, upon mutafkmt inls^i jiMdr 
^ Isl^Moad pippoittesaftha piimrttanspieiAm Slte^diracted mutageneaib wiii^i^ 

«mMlona at aaveral of thesa altea In the aybtf! lain 309 gana. Tha ras mulant eiu^maa imsis ihm m- 
pmsmd h a BadHud strain, and taatad against ^^rkwa phyalcal and dh&mkiBl paramaiera. Bmme^ ts^itm 
m^min were shown to hava Improvad atsbilitiy to oxidation^ Incraaaad pn^l]^ or bipmad 


a» 1« Aim^nt aubtiliain anzyma in which tha amino mM raaidua dt ona or mom of tha pos^kma: 

^ 9, 11-12, 19, 2S, 3^^, 64-^9, 67, 08, 71, 80, 104, 111, 116, 120, 12M22, 124, 128, 140. m m 

m isa-m lea, 170, 172, 170, 180, 182, m is?, 101, ih im 210, 228, m-m, m% 

la dsfictgad aubatituiion w%h another amino acid maSdua, or inaartlon or daiatlon of ona or momam^ 

2. Hia mtiiant aubiilifiin ansyma of oiaim 1 in which ona or mora amino aoid laaiduai am ^^sNirt&d skmm m 
IDOIB of tha {XMttttonac 86^ 56, 150, or 164"1 65* 

4^ % T!iafmiiaritaubtlBirfn« 

and^ tha raafdua at pt^jtbn 67 b aub^itutad with siiitamb add or aapartb ac!d mdim ttia at 
jp^lion 6S 18 aubatitutad with (^yaliaiiia or mathlonlna aad/br tha raatdua at poaition 711a ^altt^ ^ti 

^^ at poallion 168 taayballtut@d with aianine and/or tha raaidua ai position 170 laPiintlbiladiAfSiilP" 
4s o^ta or lyalfia an<i^or tha raeldua at poaHlon 175 ^ aubatltulad with bolaudna. 

4. Itm m*mA sytrtllMn anayma of oialm 1 tn vMch tha mldiia at poaltlon 1 8S la aufandsnuted 
asiid aapiwHc aoid andJ^ tha fasidua at poaUon 21 8 is 

«ft l»»lllon 275 h aubatft utad glutamlna, or tha nsaidua at poaitfon 1 9 ia mtMlktmi wih ^s^dim 
ai 8ia msldua at posttion 21 9 la aubetttadad with cyatalnay or the msldiia at poaltion 1 S3 ia airibafftii^ wfiii 
ate^a and ifiaraaidua at poaSioit 218 isi autadftuted wHh aorfnai or tha rasklua at pos^ioft 1^ ia aiitoli" 
tillad mnth gfulamio aoid and tha raiidua at position 222 h aubat^irfad with algynirta or ^^Mm^ ^ tia tan 
tmm al position 21 S la subatitutad with G^ina and tha raaldtia at poaltion 222 ia m^ttm^^ wih cya- 

The mutant atlbtlisifi aft2:vfind of didm 1 in which tha iM^ant onzvnta oomorlafia an tti^fio aeld aa^siaitoa 
tts (io^idiMl in lUto or 1^ Kd). « TaUa K«}^ 
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7* l\m rmiM suMIHsIn miyifiQ 309 oToliimfi In whtoh ttw mM iMMud ift omiriiKm ^^foiSmltegi 
6, % 11*12, 1S, 25, 36^a, 53*SS, 67, $8, 71, 89, 104, 111, 115, 120, 121-122, 124, m 131, 140, 1^ 

m m 10^17O« m, m, m m tsr, m, m iss. 2m 219« m 

^£^i3Hgacl by substliytlon wth another amino acid nssfdue, or InsertkHi or ddi#lk»i of chi^ or mor&aif^ 
n mM msidudSg «)coapt for the mMtA enzymes wMrein position 222 im bmn submitted 1^ istei)^ m 
cy^^fi^a; and tiid muiBfd dnzynida whdi^ln fK^ikion ISff hot t?#ffli MthftftiriiKj Ihy flhiifty^ jfl^ifj ftRfjt 
Sto aS2 Im bMHi sijd»rttttiM by atenlna orcysMw. 

Tim mutant aubtlii&ln anzyme 300 of dafm 7 In whieiii w» or imm amino aoht iwridim «n» ^mtM 
1$ me orinoro of the fmittons: 36, or 164*m 

i. Tti0 n^nt dubtlildin omsT^me 309 of dafm 7 In which the tryptophan ndsidua at pasMm 6 la atilisllttf^ 
¥»ih tyroslno and/ortha histidino neusidue at position 67 Isi^ubst^ulod with 0iimjk*mMmmfm^m^ 
msM&tthotVBtiMt rasidud at DOSltiDn 6B Is stibstlttifeBd with cvstslnd or metttfonlnA. )miforlh6tiinsot^fift 

a& at po£(ftlon 71 Is aubstittitad with a^ipMlo aold or glutanilc add, and/or f ha mkm mMm M pO£h 

Msm 1S3 Is autistltutBd witi alanine, andA^r the pn^llne nssldue at position 168 la aubstliiited aiaf^, 
amides' the arglnlne residue at position 1 70 Is aubatttuied wHi lymlna, mdtor the mMexiilm m^im ^ 
poatt^n 175 la aubatltuted Willi leoleijcina^ and/dr ttttfye^ 1% taat^MSili^ witi 

l^ytamlo add or aapartle add, and/or me aapamgtne raafdiie at poeltlon 218 la aubaiiiilid wufi aei^ 

^ m^ff the glycine raaldua at position 21 9 la substlttit^d with methionine, and the maihk^^iie msliyie M 

iN^iR^thsltJtanriina, 

Thm iDufaint aubtlllain enzyme 300 of dalm 7 in which the afglnlne residue at poaHcm 10 la au^^^tti^ 
a^ ^K^Qi ^^hjjfcb^e -afid th^j ^^jycftBe j^eahhje aft position 21 9 ta aubfi^Jtutad ^alth cysJelnep or JJte aeri^a^ ^esJdsje aft 
poattion 1 S3 la aubstitutad with alanine and ttie aapaiaglne leaidue at position 219 la ant^ituMI wft(! aai^ 
km^ or tha glydne laaldue at poeltlon 210 Is aubefltuted with cyatelne and the mathl<^nlnB flaaliiye ^ pm- 
mm 222 Is aubetltulad «yriMie. 

as Axtailftnlatibtiilalnenzyrne 147 OGinpHa^ 

m 

tewiAS f)D$itions: 

4» S. S. 11-12. 19. 25. 36-38. 53-58. 67. BEt 71. 88. 111. 11S. im. 121-122. 12*. 128. 131. 1*3. ISSHSS. 

m 160-170, 172, 17S, m 182. 186. 187. 191. 184. 196. 196, 21«. 219, 222, 226^ 264^3M1,26»> 

itt eiitanttt^ hat «aihnHt»rf»rtw mith awnJhiiif aawlaft ariM «— Mi u nf immffifin fir rtn l llf Ift n flf firHI IT ITIfm limtnn 

ac^iaaiduea, 

1% llie jaiulant aubtHiain enssyi^ 

i«ie orirora of the poalBona: 36. fSS^ 159» or 164*166. 

14 Hie mjAmt aubtillsln enz^fna 147 of dalm 12 In which the tryptaphan residue at po^lm) 6 b milisltiitBd 
61 tyio8lne» and/or ttie hfatldlne raaidije at poeitlon 67 la aiAsstltuted wtth glutamic add or aspartb 

sjwapor me raitne resiQije m, postuon oit is sudscruibo wnn cysraina or irieoinoniie) mvasw um mtm&smm 
^^^^ at poaltbn 71 ia aul^^ufad with aapartio mM or gtuiaiiilo aoid; and/or the aiariie mss^km at pos^ 
Stksi laS la eubatltutad with aarlne; and/or the proline nsakfue M poaltton 166 la aub^it^ wih ati»#Hit; 
aadfertbe ai^gMne iwNliie at petition 170 is sutistftiiMiiiMi tyniairfe; artd/or the mi^ksf^kvstmMtxs^M 
as po$«l^n 175 la aubatltuted wHIi fsoleudna» and/or the glutamio add residua at potslfidi) 1^ ^ m^b^^tx^tdd 
S^lne or aapartb add; mdfor the aerlne n^ldue at poattlon 216 la mibatitu^ with m^xs^^ 
aidto-the glycine residua at position 219 Is substituted w^h methionine; and^r theii)elhkiii&^ 
at iKH^km 222 is sut^itutod wHh {^steins or alaniii^ amtfor the i^utamine mStim 9i posSloi^ 27$ is^si;^ 

as 
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0^\m mi th« gfyelnt m^\4m at position 219 substttutasd wlti oysl&frte, or ^ 
$ iKHSi^R 1 i3 16 gubstltufiid with m^m und tim &mim trnMrn at pc^HkHi 21 0 Is sub^ftuted ^^$m- 
tNT thB 0iMmilc ackj nasldua at posNton 186 is substituted wfth glydno and the fn«$jhk»t^ 
^ po^on ZtZ is subslftuted ^th alanine or €ystslna« or Ihe ^ydlm I9»ld«i9 at posKkm 219 lb si^xs^lij^ 
nftSi ^mim and th« melhloniDd ns^ldud at position 222 te tubdtttutsid wKh cysnelnt. 

^ 16. AnGEComMfiant DNArrKaloeild csGin^ all or part mKdaotlda saqyance coding for a^y^^siE) mE^fm» 
^sQ^fl^pyl^^ffc^^ s)') tiifVi^f^M} '^k^^d ff^^c^^^^PfWM^ ^j^i^pj ^^ i^^ 1^1^ ^Klft^sifid ft^di^ ' ^&f^ lift Tlfetbfe^ Il(^l3^' 

ij^ Aiecoritblnant DNA molaqula compdslnsi all or part of a nudeotkla aaquenoa coding ^His si&ffis^ 
a^fixyflTMi aybstanlMty as dapictad Ifi lUMa li» 

19. A9»oomblniit)t DMA moi«atfd comprislris dil or ptn of a nu<!ieotid« s^quartod ooding lor 14? 
csii^Si^M atlbatanltoliy aa dapidad In Tstbla HL 

Tha ffioon^tiatit DNA molacuSa dt dalin 16 or 17 In which fha rttidalo add aaotiaiica has Staast i^afad 
a& and) tMt tha eormspoitdlng amino iK^ki rt^kfua at ona or mora of iha poaKbna: 

% 11*12, 19, 2S, 36-38, 67, 08, 71, 89, 104, 111, 116, 120, 121-122, 124, m 131, 140, 1^ 
m m 16»-170. 172, 175. 180, 182, 186, 187. 191. 194. 198. 199, 218, 219, 222, 22e,234-23{^241, 
2^}^ 285, 286, or 275 

{a i^tatigad by atibsf Ituiion wtth anotttar amino add maldua, or lnaartk»i or dalation of om or mmmti^ 
^ mM m%mm, $mBpt for tha DWi tmmsULm coding ibr mytant anzymes wharain po^Kkm 222 liaafi 
ati^^siftutad by alarilna or cyi^tna; and the mutani anaymaa artiaialri poattion 195 haa bmn atisl&iilad 
1:^ ^^ainto acM and poaltlon 222 fias ba«n 

Thm t^oomblnanl DNA moiacula of dalm 16 or IB In which tha nudalc add aaquanca hm baait sismmd 
90 atic^lHiatthoconaaponiflngflnitoacldi^^ 

9. 11-12, IS, 26. »^8, S3-69, 67. 86, 71, 89. 104, lit 115, 120. 121-122, 124. 128. 131* m 1^ 
im^ m, mi 70, 172, 175, 182, 188, 187, 101, 1M, 1S5, m, 218, 219, 222, 21^ 234*2^241, 
2m'm2, 255, 268, or 275 

la oliangad by substitution with anotliar amino acid lasldua, or Insaiflon or deletion of ona or mmmi^ 
20 aoldtaaUiiaa, aiioapttte'l^ 

aii^^s^lad by alanine or q^slalne; mnd ifm imjiant €»nzymea wharain position 1 95 has laaan «tiM^flxltesdl 
i^^^mlo add and position 222 ttas baan subatttuiad by aianlna or cyatelna. 

21- Th& f^mbinant DNA mcriaotila of daim 16 or 17 in which fha nud&io add aaquarn^ has i^m ^^ki^tM 
4» ao aa to liBert one or mofs arnlno add r^lduaa at one or mcra of the petitions: 30> 15% or 184-186. 

22L IM i«contbi nant DNA molacula ctf daim 18 or 18 m which tha midalo add aaquanoi Has hm&i mm^ 
ao a$ 99 inaarr OFia orinonp antinoaoiQ reaioiiaaaE onaor inora or tna poamHis^ i9o, iw* or to#*'1Wk 

M 2i. Usaofamcx^mbinantDNAnMSlaculec^anyaf thac^ 18io22lbrtha produc^bnof a«t^!a^i^a«iz^«na. 

24u A dateriiant ooinpoaltkin GorrqpfiBlng a mtlbint aublilli^ an^frna according to any of tte clalEna 1 to 1SL 
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